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| INTRODUC TI ON
Brugada syndrome is an autosomal dominant genetic disorder with a variable expression which is characterized by abnormal findings on the electrocardiograms. This finding typically consists of a pseudo right bundle branch block and ST elevation on lead V1 to V2. These alterations in electrocardiogram (ECG) findings are linked to SCN5A sodium channel mutation in the right ventricle outflow tract.
1,2
Currently, risk stratification Brugada patients rely on the morphology type of Brugada syndrome in ECG (type 1 vs 2) and history of sudden cardiac death or syncopes, with arrhythmia related syncope being the most significant risk factor. Patients with a type 1 ECG pattern and a history of syncope has a significantly higher risk of sudden cardiac death, implementation of Implantable cardiac defibrillator are warranted in this patients. However, these measures do not directly translate into a risk predictor for patients who are asymptomatic. 3, 4 First-degree atrioventricular (AV) block was hypothesized to be a predictor of arrhythmic events. Measurement of the PR interval and diagnosing atrioventricular block from surface ECG is easy, noninvasive, and cost-effective. This meta-analysis aims to analyze the relation of PR prolongation and AV block to major arrhythmic events in asymptomatic patients with Brugada syndrome. The authors believed this article would contribute positively to the advances of risk stratification in Brugada syndrome patients by providing a noninvasive, affordable, and widely available means of risk stratification.
| ME THODS

| Search strategy
We performed a comprehensive search on studies that assess the association between prolonged PR interval and first-atrioventricular degree block with major arrhythmic events in Brugada syndrome patients from studies published until January 2019. We searched ["atrioventricular block" OR "PR interval" and "Brugada syndrome"] and its synonyms using PubMed, EuropePMC, EBSCOhost, Cochrane Central Database, ClinicalTrials.gov, and snowballing from potential articles cited by other studies.
The association between prolonged PR interval and first-atrioventricular degree block with major arrhythmic events in Brugada syndrome patients from studies published since inception up until January 2019. A broad strategy to maximize the initial scope of research with keyword ["atrioventricular block" OR "PR interval" and "Brugada syndrome"] and its synonyms using PubMed, EuropePMC, EBSCOhost, Cochrane Central Database, ClinicalTrials.gov, and snowballing from potential articles cited by other studies. The records were then systematically evaluated using inclusion and exclusion criteria. Two researchers (H.D and V.C) independently performed an initial search, discrepancies were resolved by discussion. A Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart of the literature search strategy of studies investigating the association between prolonged PR interval and first-atrioventricular degree block with major arrhythmic events in Brugada syndrome was presented in Figure 1. 
| Selection criteria
The inclusion criteria for this study were all studies that assess the association between prolonged PR interval and first-atrioventricular degree block with major arrhythmic events in Brugada syndrome patients. Major arrhythmic events were defined as syncope/VT/VF/ appropriate ICD shocks/ICD implantation. Studies with insufficient data to assess the outcome of interest were excluded. We include all clinical researches/original articles and exclude case reports, review articles, and non-English articles.
| Data extraction
Data extraction and quality assessment were done by 2 independent authors (R.P and E.Y) using standardized extraction form which includes authors, year of publication, study design, sample size, prevalence of first-atrioventricular degree block, major arrhythmic events, mean PR interval, and follow-up period.
| Statistical analysis
To perform the meta-analysis, we used RevMan version 5.3 software (Cochrane Collaboration). We used the odds ratio (OR) and a 95% CI as a pooled measure for dichotomous data. We used mean difference (MD) and its standard deviation (DS) as a pooled measure for the continuous data. Inconsistency index (I 2 ) test which ranges from 0% to 100% was used to assess heterogeneity across studies. A value above 50% or P < 0.05 indicates statistically significant heterogeneity. We used the Mantel-Haenszel method (for OR), and the Inverse Variance method (for MD) with a fixed-effect model for meta-analysis and a random-effect model was used in case of heterogeneity. All P values were 2-tailed with a statistical significance set at 0.05 or below.
| RE SULTS
The search for studies that assess PR interval and/or first-degree AV block and major arrhythmic events related to Brugada syndrome including syncope/VT/VF/appropriate ICD shocks/ICD implantation yielded a total of potential 393 articles. We removed 308
duplicates. We excluded 299 articles after screening the titles and abstracts. There were 9 potentially relevant articles. (Figure 1 ) We screened the full-text articles, and after applying the inclusion criteria and exclusion criteria, 2 studies had insufficient data regarding the outcome of interest. We included 7 studies (6 cohorts and 1 case-control) for qualitative synthesis (Table 1) , and 7 studies were available for meta-analysis. We included 1526 subjects from 7 studies.
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| PR interval and major arrhythmic events
| First-degree atrioventricular block and major arrhythmic events
Three studies reported the association between first-degree AV and the major arrhythmic outcome. Corcia et al reported an odds ratio (OR) of 3.42 95% CI (1.53-7.64); P = 0.003. 10 Maury et al reported (16.5%), and Morita et al (14.64%). 5, 6, 10 The limitation of the studies was that most of the studies also assessed those who undergone provocative testing using sodium-channel blocker which may cause prolongation of the PR interval. Migliore et al demonstrated the largest OR with first-degree AVB compared to the other studies, Migliore assessed basal ECG without provocative testing in all of the subjects. 6 This might explain that possibly AVB on basal ECG in the absence of provocative testing is a more powerful predictor.
| D ISCUSS I ON
However, these studies did not assess the incidence of first-degree AVB and magnitude of PR prolongation after provocative tests. Among the studies with sufficient data to calculate the OR of first-degree AVB and major arrhythmic outcome, all studies are significant with a heterogeneity of 0%. 7 Study by Maury et al and Migliore et al showed that first-degree AVB was an independent predictor of major arrhythmic outcome. events, which may be due to other conduction abnormalities such as AVB or whether AVB is related to another mechanism causing an increased major arrhythmic event. Other ECG parameter that was hypothesized to be related to MAE includes QRS duration, fragmented QRS, QTc interval, and Tpeak-Tend interval. [14] [15] [16] However, studies investigating these parameters showed mixed results and high heterogeneity unlike the first-degree AV block which is associated with MAE in all of the studies. QRS duration, QTc interval, Tpeak-Tend interval, and Tp-e dispersion may have different cut-off points which may limit its practical application and fragmented QRS had a heterogeneity >50%. QRS duration and QTc interval were also shown to be related with SCN5A (+) and major arrhythmic events in several studies. 14, 16 Only a study by Corcia-2 et al individually showed a significant association between a longer PR interval and major arrhythmic outcome, this cause heterogeneity in the pooled PR interval analysis. The limitation of this systematic review includes the small pooled number of events due to the scarcity of the study. Many of the studies investigating Brugada syndrome and the major arrhythmic outcome did not take account of the PR interval and first-degree AV block. This is also possible that mean PR interval was not significantly different in these studies and the researchers were not interested in displaying their papers. Some of the studies included in our systematic review did not report either the first-degree AVB or the mean PR interval of their subjects. Unfortunately, these studies reported PR interval and first-degree AV block of both asymptomatic and symptomatic patients as a whole; it is not possible to obtain PR interval and first-degree AV block data on the subgroup of patients that was symptomatic or asymptomatic on initial presentation. These authors presumably avoided subgroup analysis due to small number of events. Hence, we cannot measure the significance of PR interval and first-degree AV block on these specific subgroups. We encourage further studies that assess PR interval, the status of AV block, and status of SCN5A gene mutation when investigating the ECG predictors of major arrhythmic events in Brugada syndrome. We also encourage subgroup analysis based on symptomatic or asymptomatic during initial presentation and their subsequent follow-up.
| CON CLUS ION
First-degree AV block is associated with more frequent major arrhythmic events in Brugada syndrome patients. PR interval seemed to be prolonged in those who experienced major arrhythmic events
but is yet to be determined whether PR interval itself is associated with major arrhythmic outcome or only significant when it crosses the threshold for the diagnosis of first-degree AV block. Presence of first-degree AV block might be associated with SCN5A mutation although more research is needed.
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